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β = |v|/c ¯ γ = (1 − β2)− 12 ¯ f̃(x,p) uwbY`uwbAm«bYrFoqm-oq^`b`vm«owuqv§snowv{Or ¥¬s`r´oqv{\r {O¥{Or`bmwCbY
vbYm${}¥Ou«oqvbAm®¬v{Or±m¯bbY
owuq{Orm²´¯?nbY±bYrnvr`T{\r ±{Fm«vowv{Or
x ∈ R3 }rÁ\b{n



























∇×B = −µ0 j,
∇×E =  ,
∇ · E = ρ
ε0
























β ≈ βb = (vb/c)2, γ ≈ γb = (1 − β2b )−1/2














































+ v · ∇xf +
q
γbm
F · ∇vf = 0,
®ðF²

































− vbBy + vy Bz, Fy = −
∂Φ
∂y




E = Ee + Es, B = Be + Bs.
¢^v^°}uqb uwbAm«CbY
owvObk{}¥.ow^b ¥¬{Ouqa'm
Ee = −∇xΦe, Be = −∇xχe,
®K}²
Or
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− vbBsy) = −
q
γbm








































ω20 (x ex + y ey).
n³zb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oqvg­bY{O¥!oq^`b ¥¬{Ouqa
B(x) = B(z) ez −
1
2















































∇Φs + Ee + (v, vb)T ×Be
)
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o y − y′ ³Rf{Ouqb{[\buA¯\¢b ¢vOmqmws`a'bgoq^[o κx(z) }r± κy(z) mw}owvymp¥¬k
d
dz
κx(z) ≤ C κx(z),
d
dz
κy(z) ≤ C κy(z)
®p X ²
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~({O¹»OuwbA-¥¬{\uwaµs`°®Hm«bYb   ¬²´³ Yär±nb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Hz = Hz(x, y, Px, Py)
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  ÍN7£Í G0ðG0 Í . +
(x, Px)
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 $/%( a = √εxwx M
w
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2 x2 + εx sin























x, αx = −wxw
′
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= a(t, x(t)), x(0) = x.
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= Py , P
′
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→ 0  x, y → ∞.































S(x, y, z) =
{


























, P y =
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κx(z) = κx(z) −
2K
a (a+ b)
























































)2 + κx(z) a
2 + κy(z) b






























































































































Be(x) = B(z) ez −
1
2













































y − 2ωLx′ − ω′Lx.
®H}F²















x′ = (X ′ + ωLY ) cos θL(z) + (Y
′ − ωLX) sin θL(z),
y′ = (X ′ + ωLY ) sin θL(z) + (Y
′ − ωLX) cos θL(z),
}r
x′′ = (X ′′ + 2ωLY
′ + ω′LY − ω2LX) cos θL(z) + (−Y ′′ + 2ωLX ′ + ω′LX + ω2LX) sin θL(z),
y′′ = (X ′′ + 2ωLY








X ′′ − K
a2
X + ω2LX = 0, Y
′′ − K
a2
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χ(x, y, x′, y′)2f(x, y, x′, y′) dx dy dx′ dy′
∫














































































































x2 + y2 < 1
OrµbYmwbO³ Yäroq^`vmYOmwb ¢(b ^©\b
xrms(f0) = yrms(f0) =
1
2
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cos θ sin θ













































































k ∈ {r, θ} ¯now^bIb¨lowbuqrO·bbY´oquw{\a}Orb
owvye­by`mOuwbIOvObYr§lk














































































































































a ∈ [0,+∞] ¥¬{Ou¢^`vy^<oq^`b ±{OowbrFoqvOCbYr`buqOk W (r)vyma[¨nva'O
















r ≥ 0 ¯¢^v^Ávym\v\br§Fk
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= −q 2π f0
ε0



















































U(r) = C I0(k1 r).
Yär±nbbA·¯·ow^b'mw{Osnoqv{\rT{}¥ ®¬ X ²gvm-nb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e{[¢(bYObuA¯C¢(b'¤lr`{[¢
oq^[o



































oqv¼br`bYuw\kO³ invrb°ow^`bÅ¤lvr`bowvy°br`bYuw\k vym<}r vruwbAOmwvr`Ä¥¬s`r±´owv{Or ¢vow^ uqbYmwCbY´o
oq{
v = (v2r + v
2
θ)



























W (r) −W (0)
























I0(k1 r) − 1
























I = q vb
∫ a
0





(1 − I0(k1 r)
I0(k1 a)
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x2 + y2 ≤ a2,
Or
f0(x, y, vx, vy) = 0
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0 < z < 1/8,
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7/8 < z < 1
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1/8 < z < 3/8,
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5/8 < z < 7/8
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uy = 6.19 10
−6ms−1
f0(x, y, vx, vy) =
n0










































{nnb[}v[owv{Or'`suwC{\mwbYmY³  rb{}¥Cow^`bYa¯\ow^be¸ º%nvympoquwv§`snoqv{\r















-³C~g³ g©lvy`mw{Or°}r ³ gvr½¯/.   )	&/ ! 6& %\( "$%	&/'))  	 P	  %\  &)&)/%A
 %)´¯ Yäa'CbuqvO!~({ObYOb zRuqbYmqm¯nÀÄ{Ouq°invbYr\oqvª­C}¯±ilvr`F}C{OuqbO¯`}\`O³
   z³ ebYO{Or±$}r±z³ ¹ä³I©lvOu«oA¯  roq^`b}u[¨nvy}\O``uq{©¨nva[oqv{\r{}¥ow^`bm«oq[oqv{\r}uqk ºeyOmw{[F¹
fT[¨n¢(bY½mwknmpoqba   "  G /    " " " "  &/	&)/ < ®p  OF²´¯nA` X `³
   $³Æ`bY`buqbuA¯  IbY{Oa'b
oquwvyIa'bYOmws`uqbeoq^`b{\uwk "%	P %*
N%   /%
	Å®p  X F²´³
  -Æ³,Æ.v§Cb
o  ³2il{\r`r`br±nu	±¤Obu¦}r z³ Â(bYu«oquqOr·¯  z{\mwvªoqv\bOr Æ.sn¨ ~({Or±m«bYuw[[oqv\b
mq^`bYa¦b¼¥¬{Ouoq^`b¼rls`a'buqvY}uqbYmw{Osnoqv{\r {O¥goq^`bTºg\m«{[ bYxFs[oqv{\r
 "  " " .    " + Z 2®K}\`A²
¯· X X C Fn³
à¬ê.ë½àâý
 










0 1 2 3 4 5
X rms M-B beam
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Vx rms M-B beam
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X-Vx rms M-B beam
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Y rms M-B beam
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Vy rms M-B beam
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Y-Vy rms M-B beam
Y-Vy rms K-V beam
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